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(71) We, PPG INDUSTRIES, INC., 
a Corporation organized under the laws of 
the Commonwealth, of Pennsylvania, United 
States of America, of One Gateway Center 
5 Pittsburgh,, Commonwealth of Pennsylvania 
15222, United States of America, (assignee of 
JOSEPH FRANK BOSSO and MARCO 
WISMER) 5 do hereby declare the invention^ 
for which we pray that a patent may be 
10 granted to us, and the method by which it is 
to be performed, to be particularly described 
in and by the following statement: — 

The present invention relates to composi- 
tions containing synthetic resins which are 
15 water-dispersible epoxy resins. 

Electrodeposition, although known for some 
time, has only recently become of commercial 
importance as a coating application, method. 
Along with the increased use of such methods 
20 has been the development of certain composi- 
tions which can provide satisfactory coatings 
when applied in this manner. While many 
compositions can be eiectrodeposited^ most 
coating compositions when applied using elec- 
25 trodeposition techiniques do not produce com- 
mercially usable coatings. Moreover, electro- 
deposition of many coating materials, even 
when otherwise successful, is attended by 
various disadvantages such as non-uniform 
30 coatings and by poor throwing power. In 
addition, the coatings obtained are in most 
instances deficient in certain properties essen- 
tial for their utilization in many applications 
for which electrodeposition is otherwise suited. 
35 In particular, properties such as corrosion 
resistance and alkali resistance are difficult to 
achieve with the resins conventionally em- 
ployed in electrodeposition processes. This is 
especially true with the conventional electro de- 
40 position vehicles, which contain polycarboxylic 
acid resins solubilized with a base; their deposit 
on the anode and because of their acidic nature 
tend to be sensitive to common types of cor- 
rosive attack, e.g„, by salt, alkali, etc. Many 
45 eiectrodeposited anodic coatings are subject 
to discoloration or staining because of dissolu- 
tion of metal ions at the anode. 

Epoxy resins are among the most useful 

[Price 33p1 ■ 



resins for many purposes and have excellent 
corrosion resistance and other properties- They 50 
are employed in many coatings, but have not 
been employed in water-dispersible composi- 
tions suitable for application by electrodeposi- 
tion because they could not be adequately dis- 
persed in water under the conditions required 55 
in such processes. Esteriried epoxies have been 
utilized, but these act similarly to the poly- 
carboxylic acid resins, and while offering many 
advantages over such polycarboxylic acid 
resins, are still subject to" many of their dis- 60 
advantages. 

It has now been found that synthetic resins 
which are ungeiled, water-dispersible epoxy 
resins have epoxy groups, chemically-bound 
quaternary ammonium base groups, and in 65 
some cases oxyalkylene groups, can be easily 
utilized to provide clear or colloidal water 
solutions. '•'Chemically-bound", as utilized, 
herein, includes salts as well as covaient bond- 
ing. These compositions, when solubilized with 70 
an acid having a dissociation constant greater 
than about 1 X 10~ 5 , do not require the pre- 
sence of oxyalkylene groups, which may then 
be optionally present. The compositions des- 
cribed herein can be applied by electrodeposi- 75 
tion to provide adherent coatings which have 
excellent properties. When eiectrodeposited, 
they deposit on the cathode. When employed 
in aqueous compositions for electrodeposition, 
the above resins form the major resinous con- 80 
stituent of the composition, either as the sole 
resinous component or along with one or more j - 
other resinous or film-forming materials. ( 
Among the properties of the coatings herein , 
are the desirable properties ordinarily assod- 85 
ated with electrodepositable resins known here- 
tofore, and, In addition, these reaction pro- \~ 
ducts provide coatings of valuable advantages 
and properties. These include a high level of 
resistance to salt spray, alkali and similarly 90 
corrosive elements, even over unprimed metals 
and in the absence of corrosive inMbking pig- • " 
ments, and are resistant to staining and dis- 
coloration which is often encountered with 
eiectrodeposited coatings based on anodic-type 95 
resins. These resins^, with or without oxy- 
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S gr ^ pS ' ^ wWWKad with an acid 
w?r?5 \ d3SSOCiatlon cons tant greater than 
1 X I0~ , have appreciably higher throw paper 
and better film-forming characteristics than in 
5 similar compositions, for example, those des- 
cribed in U.S. Patent No. 3,301,804 

The resins of the invention are ungelled, 
water-dispersible epoxy resins having in their 

10 S™i e T re ^ ^ 2 : e P ox y ©coup Per aver- 
age molecule and confining chemically-bound 
quaternary ammonium base salts, the 
quaternary ammonium base salts being salts of 
boric acid and/or an acid having a dissocia- 
tion constant greater than boric acid, includ- 
ing organic and inorganic acids. Where the 

~f ! ^ °l acid havin g a dissociation 
^ V ess lXl<y\ the resin should 

contain from about one percent to 90 percent 
20 ^° re ^ f ^a^ 1 ^ ^oups. When the resin 
20 is devoid of oxyaikylene groups, upon solu- 
bilization, at least a portion of the salt must 
be a salt of an add having a disassociation 
constant greater than 1 x 10- 5 . Preferably, the 
^-^^^^^saB&JteUL The pre- 
2 l^^|y_Preferred acid is lactic acid. Preferably 
the resins contain at least 0.05% by weight 
and from preferably 0.05 to 16 percent by 
weight of nitrogen and at least 1 percent of 
said nitrogen and preferably at least 20 per- 
cent, more preferably, at least 50 percent, and 
most preferably, substantially all, of the nitro- 
gen being m the form of a chemically-bound 
quaternary ammonium base salt groups; pre- 
ferably the remainder of said nitrogen being 
35 m the form of amino nitrogen. ° 
The epoxy compound from which the resins 
of the invention may be derived can be anv 
raonomeric or polymeric compound or mixture 
of compounds having a 1,2-epoxy equivalencv 
SI' th T i ^ is > in ^ch the aveS 
IS -a H 2 -?? 0 ?^ ^ on P s P er molecule is 
* S^f X * * is P"*»ed that the epoxy 
compound be resinous, that is, a polyepoxide, 
i.e containing more than one epoxy group per 
™i^ Ule ' The P 0] 7 e P^e can "be any of the 
wen-known epoxides, provided ft contains 

p^ 611 " ep ° X7 gX °^ 5 50 so ^ residual 
epoxy groups remain in the product after the 

50 pound described hereinafter. Examples of 

?. eSe ^S ly ? P °^ s havc > for example, been 
described in U.S. Patents Nos 2 467 171- 
2,615,007; 2,716,123; 3,030,336 ■ 3 053 855 

55 S ^ °75,9p A useful d^^a^Sg 
SS. ^ P ol ^cidyl ethers of polyphenols! 
such as Bisphenol A. These may be produced 
for example by etherification of a polyphenol 
with epichlorohydrin or dichlorohyckin in the 

fiO ST*^ of ™^. The phenolic compound 
H^diL bl l^ h ^ ox yP^nyl)^2-proiane 5 
4 4 -dihydroxybenzophenone, bis(4-hydroxy- 

phenyl) - 1 3 1 rsobutane; bis(4 - hydroxy - 
tertiarybutylphenyl) - 2,2 - propane/ bis (2 - 
65 hydroxynaphthyl)methane or 1,5 - drhydroxy - 



naphthalene. Another quite useful class of 
polyepoxides are products similar from novo- 
lak resins or similar polyphenol resins. 

Also suitable are the similar polyalvcidrl 
ethers of polyhydric alcohols which may be 70 
derived from such polyhydric alcohols as ethy- 
lene glycol, diethylene glycol, Methylene gly- 
col, 1,2-propykne glycol, 1,4-butyiene glylrol, 
U-pe^ediol, 1,2,6-hexanetriol, glycerol 
ancU>is(4-hydroxycyclohexyI)-2,2-propane. 75 

1 cere can also be used polyglycidyl esters 
of polycarboxyhc acids which are produced by 
the reaction of epichlorohydrin or a similar 
epoxy compound with an aliphatic or aro- 
matic polycarboxyhc acid, such as oxalic acid, 80 
succmic acid, glutaric add, terephthalic acid, 
?^P h ^ylene dicarboxyhc acid and dimer- 
ized hnolemc acid. Examples are diglycidvl 
adipate and diglycidyl phthalate. 7 

Also useful, are polyepoxides derived from 85 
the epoxidation of an olennically unsaturated 
alicychc compound. Included are diepoxides 
comprising m part one or more monoepoxides. 
These polyepoxides are non-phenolic and are 
obtained by epoxidation of alicychc olefins, 90 
tor example, by oxygen and selected metal 
catalysts, by perbenzoic acid, by acetaldehyde 
monoperacetate, or by peracetic acid. Among 
such polyepoxides are the epoxyalicyclic ethers 
andesters, which are well known in the art 95 

Where the resin of the invention contains 
oxyaikylene groups, they can be derived from 
polyepoxides cootairiing oxyaikylene groups in 
the epoxy molecule. Such oxyaikylene groups 
are typically groups of the general formula : 100 



~^C* 2 _ CH) r 



R _ 



where R is hydrogen or alkyl, preferably lower 
alkyl (e.g., having 1 to 6 carbon atoms) and 
where, m most instances, m is 1 to 4 and n 
is 2 to 50. Such groups can be pendent to 105 
the mam molecular chain of the polyepoxide 
or part of the main chain itself. The propor- 
tion of oxyaikylene groups in the polyepoxide 
depends upon many factors, including the 
chain length of the oxyaikylene group, the 110 

i^. 0f i he e P°*y of de g*ee of water 
solubihty desired. Usually the e^oxy contains 

™ Jf a w J* 10 ™ by wci S hr or mor ^ a ^d 
preferably 5 percent or more, of oxyaikylene 
groups. J n5 

Some polyepoxides containing oxyaikylene 
groups are produced by reacting some of the 
epoxy groups of a polyepoxide, such as the 
epoxy resins mentioned above, with a mono- 
hyaric alcohol containing oxyaikylene groups. 120 
Such monohydric alcohols are conveniently 
produced by oxyalkyiating an alcohol, such as 
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methanol, ethanol, or other alkanol, with an 
alkylene oxide. Ethylene oxide, 1,2 -propylene 
oxide and 1,2-butylene oxide are especially 
useful alkylene oxides. Other monohydric 

5 alcohols can be, for example, the commer- 
cially available materials known as Cellosolves 1 
and Carbitols ("Ceilosolve" and "Carbfto!" 
are registered Trade Marks) which are mono- 
alkyl ethers of polyalkylene glycols. The reac- 

10 tion of the monohydric alcohol and the poly- 
epoxide is generally carried out in the pre- 

senc e of a catalyst; formic acid, dimethyl- 

cthanal^me, .^ethyk^ 

meurylbenzylamine and, in some cases, 

1 5 stannous chloride are useful for this purpose. 

Similar poly epoxides contaming oxyalkylene 
groups can be produced by .oxyalkyiating the 
epoxy resin by other means, such as by direct 
reaction with an alkylene oxide. 

20 The poly epoxide employed to produce the 
foregoing epoxides contaming oxyalkylene 
groups can contain a sufficient number of 
epoxy groups so that the average number of 
residual epoxy groups per molecule remaining 

25 in the product after the oxyalkylation is greater 
than 1.0. Where oxyalkylene groups are pre- 
sent, the epoxy resin preferably contains from 
1.0 to 90 percent or more by weight of oxy- 
alkylene groups. 

30 It should be noted that the polyoxyalkyiene 
compound reacted need not be water-soluble or 
dispersible. It has been shown that relatively 
high molecular weight polyoxyalkyiene com- 
pounds, water-insoluble per se s when reacted 

35 in the m.anner of the invention, render the 
final product more water-dispersible. 

There can also be utilized combinations for 
the foregoing, either as mixtures of epoxy 
compounds or by providing pendent oxyalky- 

40 lene groups on the polyepoxide contaming such 
groups in its main chain. 

Other epoxy-contairiin g compounds and 
resins include nitrogeneous diepoxides such as 
disclosed in U.S . 3 ,365,47 1 ; epoxy resin s from 

45 1,1-methyiene bis (5 -substituted hydantoin), 
U.S. 3,391,097; bis-imide containing di- 
epoxides, U.S. 3,450,711, epoxylated amino- 
methyldiphenyl oxides, U.S. 3,312,664; 
heterocyclic NJsT-diglycidyl compounds, U.S. 

50 3,503,979; amino epoxy phosphonates, British 
Patent No. 1,172,916; 1,3,5 -triglycidyl iso- 
cyanurates, as well as other epoxy-containing 
materials known in the art. 

The resins of the invention can be formed 

55 by _ reacting the epoxy compound with an 
amine salt to form quaternary amine base 
group-containing resins. 

Examples of amines whose salts may be em- 
ployed include ammonia; primary, secondary 

60 or tertiary amines; and preferably tertiary 
amines. Specific amines include dimethyl- 
ethanolamine, diethylethanalomine, trimethyl- 
amine, triethylamine, diemylamine, dipropyi- 
arrrine and l-amino-2-propanol. The amines 

65 may be uasubstituted amines or amines sub- 



stituted with non-interfering groups such as 
halogen or hydroxy!. The salts may be salts 
of boric acid or an acid having a dissociation 
constant greater than that of boric acid and 
preferably an organic acid having a dissocia- 
tion constant greater than about 1 X ICr" 5 . The 
presently prefered add is lactic acid. Such 
acids include boric acid, lactic acid, acetic 
acid, propionic acid, butyric acid, hydro- 
chloric acid, phosphoric acid, sulphuric acid. 
Also included are ammonium borate, ammo- 
nium lactate, ammonium acetate, ammonium 
chloride, ammonium, phosphate, as well as 
other amine and ammonium salts as set out 
above. 

A distinct class of amines within the broader 
class are amines containing one or more 
secondary or tertiary amino groups and at 
least one hydroxyl group. 

In most cases the hydroxy! amine employed 
corresponds to the general formula : 



Ri 



NR 3 — OH 



OH 





where n is 1 to 3. Dialkanolamines, of the 
general formula 

R t N(R 3 OH) 2 , 
and trialkanolamines, of the general formula 



70 



75 



80 



85 



/ 

R* 

where R x and R 2 are alkyl, aryl, alkaryl or 
aralkyl groups such as methyl, ethyl or benzyl. 
R r can also be hydrogen. The nature of the 90 
particular groups is less important than the 
presence of a secondary or tertiary amino 
nitrogen atom. The group represented by R 3 
is a divalent organic group, such as alkylene 
or substituted-alkylene, e.g., oxyalkylene or 95 
poly(oxya-lkylene), or, less desirably, arylene, 
alkarylene or substituted arylene. R 3 can also 
be an unsaturated group, e.g., an alkylene 
group such as 

~-CH-CH— ' 100 

or 

I< 

— CH=-C— . 

Other groups represented by R 3 include cyclic 
or aromatic groups; one type of useful amine, 
for instance, is represented by the formula : 105 



110 
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N(R 3 OH) 3 , 

are also useful. 

Some examples of specific amines are as 
follows : 

5 dimemylethanolamine 

dimemylpropanolamine 

dimemylisopropanolamine 

dimethylbutanolamine 

diemylethanolamine 
10 ethyiethanolamine 

methylethanolamine 

N-benzylethanolamme 

diethanplamine 

tnethanolarnine 
15 dimethylaminomethyl phenol 

tris(dimethylaminomethyl)phenol 

2- [2- (dimemylamino) ethoxy] ethanol 

1 - [1 - (dimethylamino) - 2 - propoxy] - 
2-propanol 

20 2 - (2 - [2 - (diemylamino) ethoxy] - 
ethoxy) ethanol 

1 - [2 - (dimethylamino) ethoxy] - 2 - 
propanol 

1 - [1 - (dimethylamino) - 2 - propoxy] - 
25 2-propoxy)-2-propanol 



Another distinct class of amines within the 
broader class are amines containing one or 
more secondary or tertiary amino groups and 
at least one terminal carboxyl group. These 
30 amines can in themselves act as amine salts 
since the carboxyl group can form an internal 
salt as further explained below. In most cases 
where a carboxyl amine is employed^ it corre- 
sponds to the general formula : 



35 



Ri 



R 2 



NRr-COOH 



where R l3 R 2 and R 3 are as defined above. 

Such amines can be prepared by known 
methods. For example, an acid anhydride, 
such as succinic anhydride, phthalic anhydride 

40 or maleic anhydride, can be reacted with an 
alkanolamine, such as dimethylethanolamine or 
methyldiethanolamine; the group represented 
by R 3 in the amines produced in such cases 
contain ester groups. Other types of amines 

45 are provided, for example, by reacting an 
alkylamine with an alky! acrylate or meth- 
acrylates such as methyl or ethyl acrylate or 
methacrylate as described in U.S. Patent No. 
3,419,525. Preferably the ester group is sub^ 

50 sequently hydrolyzed to form a free carboxyl 
group. Other methods for producing amines 
of different types can also be employed. 

It can be seen that the groups represented 
by R 3 can be of widely varying types; some 

55 examples are: 



— R'— 
— R'OCOR'— 
— (— R'0) n COR'— 
where each R' is alkylene, such as 

~-CH 2 CH 2 ~-, 60 

CH 3 
— CH 2 Cff— , 
etc., or alkylene, such as 

— CH=CH— , 

and n is 2 to 10 or higher. Other groups re- 
presented by R' include cyclic or aromatic 65 
groups. 

Some examples of specific amines are as 
follows: 

N^N-dimethylaminoethyl hydrogen maleate 
N,N-diethylaminoethyl hydrogen maleate 70 
N,N~dimethylaminoethyl hydrogen succinate 
N,N-dimethylaminoethyl hydrogen phthalate 
N,N - dimethylaminioethyl hydrogen hexa - 
hydrophthalate 

2 - (2 - dimemylammoemoxy)e£hyl hydro- 75 
gen maleate 

1 - methyl - 2 - (2 - dimethylaminoeth - 
oxy) ethyl hydrogen maleate 

2 - (2 - dimethylaminoethoxy) ethyl hydro- 
gen succinate " qq 

1,1 - dimethyl - 2 - (2 - dimethylaminoeth - 
oxy) ethyl hydrogen succinate 

2 - [2 - (2 - dimethylaminoethoxy) - 
ethoxy] ethyl hydrogen maleate 

beta- (dimethylamino) propionic acid 85 

beta- ( dime thylamino)isobutyric acid 

beta- (diethylamino) propionic acid 

1 - methyl - 2 - (dimethylamino) ethyl 
hydrogen maleate 

2 - (me tfaylamino) ethyl hydrogen succinate 90 
3~(ethylamino) propyl hydrogen maleate 

2- [2-(dimethylamino)ethoxy] ethyl hydro- 
gen adipate 

N 3 N - dimethylaminoethyl hydrogen azelate 
di - (N,N - dimethylaminoethyl)hydrogen 95 
tricarballylate 

N,N - dimethylaminoethyl hydrogen itacon- 
ate 

1 - (1 - [1 (dimethylamino) - 2 - pro - 
poxy] - 2 - propoxy) - 2 - propyl hydrogen 100 
maleate 

2 - [2 - (2 - [2 - dimethylamino) ethoxy] - 
ethoxy) ethoxy] ethyl hydrogen succinate 

In one embodiment, the epoxy compounds} 
described above may be reacted witha tertiary 105 
_asaine_salt^rf ^boricjicid to produce the epoxy 
reaction products , of the invention. 

The amine salts and die epoxy compound 
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are reacted by mixing the components, usually 
at moderately elevated temperatures such as 
70 — 110° CI Alternatively, in a less preferred 
embodiment in the case of a tertiary amine, 

5 the amine may be added to the epoxy com- 
pound and the acid utilized to form the appro- 
priate salt may be subsequently added, even 
as late as the solubilization step. A solvent is 
not necessary, although one is often used in 

10 order to afford better control of the reac- 
tion. Aromatic hydrocarbons or monoalkyl 
ethers of ethylene glycol are suitable solvents. 
The proportions of the amine salt and the 
epoxy .compound can be varied and the opti- 

15 mum proportions depend upon the particular 
react ants. Ordinarily, however, from about one 
part to 50 parts by weight of the salt per 100 
parts of epoxy compound is employed. The 
proportions are usually chosen with reference 

20 to the amount of nitrogen, which is typically 
from 0.05 to 16 percent based on the total 
weight of the amine salt and the epoxy com- 
pound. Preferably there are utilized from 3 
parts to 30 parts of salt per 100 parts of epoxy 

25 compound or from 0.1 to 3 percent of nitro- 
gen. Since the arriine salt reacts with the 
epoxide groups of the epoxy resin employed, 
in order to provide an epoxy group-contain- 
ing resin, the stoichiometric amount of amine 

30 employed should be less than the stoichio- 
metric equivalent of the epoxide groups pre- 
sent, so that the final resin is provided with 
at least one epoxy group per average molecule. 
The particular reactants, proportions and 

35 reaction conditions should be chosen in accord- 
ance with considerations well-known in the 
art, so- as to avoid gellation of the product 
during the reaction. For example, excessively 
severe reaction conditions should not be em- 

40 ployed. Similarly, compounds having reactive 
substituents should not be utilized along with 
epoxy compounds with which those sub- 
stituents might react adversely at the desired 
conditions. 

45 The product forming the resin of the inven- 
tion may be crosslinked to some extent; how- 
ever, it remains soluble in certain organic sol- 
vents and can be . further cured to a hard, 
thermoset state. It is significantly character- 

50 ized by its epoxy content and chemically- 
bonded quaternary ammonium salt content. 

Aqueous compositions containing the above 
reaction products are highly useful as coating 
compositions and can be applied by any con- 

55 . ventional method, such as by dipping, brush- 
ing, etc. They are, however, eminently suited 
to application by electro depo sition . 

Where the resin of the invention was pre- 
pared employing at least in part a salt of an 

60 acid' having a dissociation constant greater 
than 1 X 10~ 5 , it was not necessary to add a 
solubilizing agent to- the product to obtain a 
suitable aqueous electrodepositable composi- 
tion, although an acid or acidic solubilizing 

65 agent can be added if desired. Where boric 



acid salts as described above are employed 
to prepare the resin without the presence of 
a salt of an acid having a dissociation con- 
stant greater than 1 X 10~ 5 and the resin does 
not contain oxyalkyiene groups, compositions -70 
within the scope of the invention can be pre- 
pared by adding such an acid, the stronger 
acid replacing the boron compound in the 
resin, a weaker salt in the resin, and the boron 
compound forming substantially undissociated 75 
boric acid;, remaining in aqueous media and 
being at least partially co-deposited with the - 
resin. 

The presence of a boron compound in the 
electrodeposited film is of substantial benefit 80 
in that boron compounds apparently catalyze 
the cure of the deposited film, allowing lower 
cure temperatures and/or harder films. 

The acid or acidic solubilizing agent may 
be any acid having a dissociation constant 85 > 
greater than lxl0~\ Preferably., the acid or 
acidic solubilizing agent should be an organic 
acid having a dissociation constant greater 
than 1 X 10- 5 5 the presently preferred acid 
being lactic acid. The addition of acid aids in 90 * 
stabilizing the resin, since the epoxy may tend 
to further polymerize on storage under highly 
alkaline conditions; in some cases, the acid 
also helps to obtain more complete dissolution 
of the resin. It is also desirable to electro- 95 
deposit these coatings from an acidic or only 
slightly basic solution (e.g., having a pH be- 
tween 3 and 8.5), and the addition of acid 
thus is often useful to achieve the desired pH. 

Where a carboxyl amine is employed in 100: 
forming the resins of the invention, the result- 
ant resin contains a zwitterion, or internal salt, 
that is, an interaction between the quaternary 
group formed and the carboxyl group present, 
the carboxyl group displaying a dissociation 105 
constant greater than 1 X 10~ 5 . The resultant 
resin is inherently self-solubilized without 
the use of external solubilizing agents. 

The resin of the invention, when placed in 
a water-containing medium, such as an electro- 1 10 
deposition high solids feed concentrate or the 
electrodeposition bath, changes character. | 
Since frequently, the boron, if present, is 
apparently weakly chemically-bound in the \ 
resin, it is subject to cleavage from the resin 115 
molecule and, while the boron electrodeposits 
with the resin and is found in the electro- 
deposited film, the boron may be removed 
from the water-containing medium in whole 
or in part by separation means, such as electro- 120 
dialysis or ultrafiltration, in the form of boric 
acid. 

Thus, the invention also includes aqueous 
dispersions comprising an ungelled water-dis- 
persed epoxy resin having at least one 1,2- 125 
epoxy group per average molecule, and 
chemically-bound quaternary ammonium base 
salts. The resin contains at least 0.05% and 
preferably 0.05 to 16 percent by weight nitro- 
gen, at least one percent of said nitrogen and 130 
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preferably at least 20 percent, more prefer- 
ably at least 50 percent, and most preferably, 
substantially all of the nitrogen being in the 
lorm of chemically-bound quaternary ammo- 
nium base salt groups- and when said ammo- 
nium base salt is of an acid having a dissocia- 
tion constant of 1 x 10~ 5 or less, the resin con- 
tarns at least 1 per cent by weight of oxy- 
alkylene groups. Preferably, the remainder of 
said nitrogen being in the form of amino 
nitrogen, preferably tertiary amine nitrogen, 
said water-containing medium containing in 
the preferred embodiment from 0.01 to 8 
percent by weight of boron metal present as 
boric acid and/or borate or boric acid com- 
, plex. 

The concentration of the product in water 
depends upon the process parameters to be 
used and is, in general, not critical, but ordin- 
arily the major proportion of the aqueous 
composition is water, e.g., the composition may 
contain from one to 25 percent by weight of 
the resin. 

m Preferably, the electrodepositable composi- 
tions of the invention contain a coupling sol- 
vent. The use of a coupling solvent provides 
for improved deposited film appearance. These 
solvents include hydrocarbons, alcohols, esters, 
ethers, and ketones. The preferred coupling 
solvents include monoalcohols, glycols, and 
polyols as well as ketones and ether alcohols. 
Specific coupling solvents include isopropanoL 
biitanol, isophorone, Pentoxane (registered 
Trade Mark) (4-memoxy-4-methyl penta- 
none-2) ethylene and propylene glycol, the 
rnonomethyl, monoethyl and monobutyl ethers 
of ethylene glycol, 2-ethylhexanol, and hexyl 
Cellosolve ("Cellosolve" is a registered Trade 
Mark). The presently preferred coupling sol- 
vent is 2-ethyIhexanol. The amout of solvent 
is not unduly critical, generally between about 
x P erc ? nt 311(3 about 4° percent by weight 
of the dispersant may be employed, prefer- 
ably between about 0.5 to about 25 percent 
by weight of the dispersant is employed 

While the resins hereinabove described may 
be electrodeposited as substantially the sole 
resinous component of the electrodeposited 
composition, it is frequently desirable in order 
to improve or modify film appearance and/or 
film properties, to incorporate into the electro- 
depositable compositions various non-reactive 
and reactive compounds or resinous materials 
sucli as plasticizing material including N~ 
cyclohexyl-p-toluene sulfonamide, ortho- and 
para-toluene sulfonamide, N-ethyl-ortho- and 
para-toluene sulfonamide, aromatic and ali- 
phatic poly ether polyols, phenol resins includ- 
ing allyl ether containing phenolic resins, 
liquid epoxy resins, quadrols, polycapro- 
lactones; triazine resins such as melamine- 
oased resins and benzoguanamine-based 
resins, especially alkylated formaldehyde reac- 
tion products thereof; urea formaldehyde 
resins, acrylic resins, hydroxy and/or carboxyl 



group-containing polyesters and hydrocarbon 
resins. 

Other materials include esters such as butyl- 
T? 5 ? P^ 8 ^ Phthalate, methyl 

phthalylethyl glycolate, butylphthalylbutyl 
glycolate cresyl diphenyl phosphate, 2-etfayl- 
j aiphenyl phosphate, polyethylene glycol 
200 diben 2 oates as well as polyesters, 2,2,4- 
tnmetfayi pentanediol monoisobutyrate (Tex- 
anol, registered Trade Mark). 

In most instances, a pigment composition 
and, if desired, various additives such as 
antioxidants, surfactants, or wetting agents, 
for example, Foam Kill 639 (a hydrocarboS 
oil-containing inert diatomaceous earthy as 
well as glycolated acetylenes (the Surfynols, 
for example), sulfonates, sulfated- fatty amides! 
and ^kylphenoxypoiyoxyalkylene alkanols are^ 
mcluded. The pigment composition may be of 
any conventional type, comprising, for ex- 
ample, iron oxides, lead oxides, strontium 
chromate, carbon black, titanium dioxide, talc 
barium sulfate, as well as color pigments such 
as cadmium yellow, cadmium red and chromic 
yellow. 

In the electrodeposition processes employing 
the aqueous coating compositions described 
above, the aqueous composition is placed in 
contact with an elearically-conductive anode 
and an electrically-conductive cathode, with 
the surface to be coated be "eg the cathode, 
while m contact with the bath containing the 
coating composition, an adherent film of the 
C °S? n 3 g .^P 05 ^ 0 * is deposited on the 
cathode. This is dirtctly contrary to the pro- 
cesses utilizing polycarboxylic acid resins, as 
in the prior art, and the advantages described 
are, in large part, attributed to this cathodic 
deposition. 

The ^ conditions under which the electro- 
deposition is carried out are, in general, simi- 
lar to those used in electrodeposition of other 
types of coatings. The applied voltage may be 
varied greatly and can be, for example, as 

l°Z aS ° r ? S high as thousand 

volt- although typically between 50 and 500 
volts. The current density is usually between 
T 1 ^ 6 an ^ 15 ^P^s Per square foot, 
™ t0 decrease duri ng electrodeposi- 

o1 J5 e , resil ? °J the invention when freshly 
electrodeposited on the cathode contains 
quaternary ammonium base groups. The acid 
moiety which forms the salt migrates at least 
m part towards the anode. Where the electro- 
deposition bath contains boron, the electro- 
deposited rean further contains boron which 

SrhS? ^ hES elec ? 0de P^*ted upon the 
JI ^a ^ amounts of bonded boron in the 
electrodeposited film increase with increasing 
boron concentration in the bath to a satura- 
tion value, dependent on the number of basic 
groups m the concentration and the basicity 
of the base groups. y 
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The film, while it may be crosslinked to 
some extent, remains soluble in certain organic 
solvents. 

The freshly-deposited, uncured electro- 

5 deposited film, may be characterized as fol- 
lows : an epoxy resin electrodep osited upon an 
electrically-cconductive substrate comprising 
an ungeDed epoxy resin having at least one 
1,2 -epoxy group per average, molecule, 

10 chemically-bound quaternary ammonium base, 
and where the electrodepositable composition 
does not contain an acid having a dissociation 
constant greater than 1 X 10~ 5 , at least 1 per- 
cent of oxyalkykne groups. Where boron is 

15 present in the electro dep osit able composition, 
0.01 to 8 percent by weight or boron in the 
form of quaternary and amine borates and 
boron complexes. 

The method of the invention is applicable 

20 to the coating of any conductive substrate, and 
especially metals such as steel, aluminum, 
copper and magnesium. After deposition, the 
coating is cured, usually by baking at elevated 
temperatures. Temperatures of" 250°F. to 

25 500°F. for one to 30 minutes are typical bak- 
ing schedules utilized. 

During the cure, especially at elevated tem- 
peratures, at least a substantial portion of the 
quaternary ammonium base decomposes to ter- 

30 tiary amine nitrogen, which aids in the cross- 
linking of the coating, which upon curing is 
infusible and insoluble. The presence of boron 
salts and complexes in the film increases the 
rate of crosslinking, reduces the temperatures 

35 necessary for acceptable curing in commerci- 
ally-reasonable times and produces coatings 
with improved hardness and corrosion resist- 
ance. 

The resin constituents may be qualitatively 

40 and quantitatively determined by numerous 
methods known in the art. 

Epoxy groups may be determined by the 
well-known pyridinium hydrochloride method 
as described, for example, in Siggia^ <£ Quan- 

45 titative Organic Analysis via Functional 
Groups", John Wiley & Sons, Inc., New York 
(1963), page 242. 

The total base groups present in the poly- 
mer, that is, quaternary and amine groups pre- 

50 sent, may be determined on a separate resin 
sample. Usually the resin sample will be 
neutral. If, however, the resin is basic, the 
sample should be neutralized with a known 
amount of the acid present in the resin as a 

55 salt. Where the acid present in the resin as 
a salt is a weak acid as compared to HO, 
the resin is titrated with HQ and back-titrated 
with sodium hydroxide on an automatic 
titrator. The HQ titration yields the total 

60 base groups present. The sodium hydroxide 
back-titxation distinguishes quaternary groups 
from amine groups. For example, a typical 
analysis is conducted as follows: a 10 milli- 
liter sample of an about 10 percent solids 

65 electrodeposition bath is pipetted in 60 milli- 



liters of tetrahydrofuran. The sample is 
titrated with 0.1000 normal HC1 to the pH 
end point. The amount of standard add used 
is equivalent to the quaternary base and amine 
equivalents present. The sample is then back 70 
titrated with 0.1000 normal sodium hydroxide 
to give a titration curve with multiple end 
points. In a typical instance, the first end 
point corresponds to excess HQ. From the 
HQ titration, the second end point corre- 75 
spends to the neutralization of the weak acid 
(for example, lactic acid) and amine hydro- 
chloride. The difference in volume between 
the two endpoints gives the volume of standard 
base equivalent to the weak acid and amine 80 
content of the sample. 

Whereas solvent such as propylene glycol 
is employed with, for example, tetrahydro- 
furan to maintain sample homogeniety, boron 
present will also titrate since the boron in the 85 
form present forms an acid complex with the 
propylene glycol. Under the conditions speci- 
fied, the boric acid may be distinguished from 
the weak acid (e.g., lactic) by an additional 
inflection point in the pH titration curve. 90 
Depending on the strength of the amine 
group present, it may be included either in 
the weak acid (e.g., lactic) or boric acid por- 
tion of the titration curve. 

Excess weak acid or amine salt in the 95 
electrodeposition bath may be determined by 
alcoholic-KOH titration. For example, a 10 
milliliter sample of about 10 percent solids 
electrodeposition bath is pipetted into 60 milli- 
liters of tetxahydrofuran and potentiometric- 100 
ally titrated with 0.1000 normal alcoholic 
KOH to the first end point. The amount of 
KOH consumed is equivalent to any acid or 
amine salt in the sample. In the case of 
neutral compositions, KOH titration is a 105 
measure of the amount of amine present in 
the form of amine salt since the quaternary, 
being a strong base, will not titrate. 

In the case of the presence of acid salts of 
strong acids, other methods must be em- 110 
ployed to determine acid, amine and quatern- 
ary groups present. For example, where the 
resin contains amine hydrochloride and 
quaternary hydrochloride groups, the resin 
may be dispersed, for example, in a mixture . 115 
of glacial acetic acid and tetrahydrofunan,, the 
chloride complexed with mercuric acetate and 
the sample titrated with perchloric acid to 
yield the total amine and quaternary groups. 
Separate alcoholic KOH titration will yield 120 
the amine groups present since the quatern- 
ary is of comparable strength to the alcoholic 
KOH. 

Boron may be determined as described by 
R. S. Braman, "Boron Determination", 125 
Encyclopedia of Industrial Chemical Analysis, 
F. D, Snell and Hilton, Editors, John Wiley 
& Sons, Inc., New York (1968), Volume 7, 
pages 384 — 423. The boron may be deter- 
mined on a separate sample. For example, by 130 
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pipetting a 10 milliliter sample of an approxi- 
mately 10% solid cationic electrodeposition 
bath into 60 milliliters of distilled water. Suffi- 
cient HC1 is then added to lower the pH to 

-T^J* 1 * sam P le is back-rftmted 
with 0.1000 normal sodium hydroxide, using 
a Metrohm (registered Trade Mark) potentio- 
graph E-436" automatic titrator or equivalent 
apparatus, to the first inflection point in the 
1U pH titration curve. There is then added 7 
grams of manmtol. The solution becomes acid 
and titration is then continued to the second 
infiection point in the pH titration curve. The 
amount of base consumed between the first 
and second endpoints is a measure of the 
number of moles of boric acid complex formed 
in the sample. 

The above description is exemplary of the 
technique employed to quantitatively and 
20 quahtatively identify the groups present. In 
specific case, analytical techniques may be 
adapted to a specific resin; however, in each 
case, consistent with the above description, 
there exists methods known in the art which 
25 yield appropriate accurate determinations of 
the significant chemical moiety content. 

Illustrating the invention are the following- 
examples, which, however, are not to be con- 
ft? as lHmtin S the invention to their details. 
All parts and percentages in the examples, as 
well as throughout this specification are bv 
weight unless otherwise specified. 

In several of the examples, there are em- 
ployed oxyalkylene-containing monoalcohols 
produced by reacting ethanol with ethylene 
oxide by using potassium hydroxide catalyst. 

Monoalcohol A", as utilized below, is such a 
reaction product made with 5 moles of ethv- 

An t \°f ™, p< r r mo]e of ethano1 and "Mono- 
40 alcohol B" is the reaction product of 10 
moles of ethylene oxide per mole of ethanol 



EXAMPLE I 

An amine of the formula 

(CH 3 ) 2 NCH 2 CH 2 COOH 

45 was produced from the reaction of dimethyl- 
amine (25 percent solution in water) with 

f^l^S^ " described fa U.S. Patent 
3,419,525. This amine (50 parts) was added 
to a reaction vessel containing 450 parts of 

- e on at ? 5 ° C ^ temperature rose 
to 82 C. m 20 minutes; 850 parts of deion- 
ized water were slowly added with stirrine: 
over a period of 45 minutes. The product was 

55 tJ^SFi-i^** SOlliti0n havin S a solids ™~ 
6361 Perc^t and an epoxy value of 

The above resin solution after dilution to 
10 percent solids with deionized water was 
ele ctrodeposited using zinc phosphate treated 
ou steel electrodes and the following conditions- 



Bath temperature 
PH 

Deposition time 

Voltage 

Current 



80°F. 
6.0 

60 seconds 

400 volts 

0.4 amp. max. 



65. 



There was obtained an adherent coating on 
the cathode which was then baked at 400°F. 
for 10 minutes. The cured coating was hard> 
flexible, and adherent, having a thickness of 
about 1.2 mil. It was highly resistant to 70 
acetone. 

Polyepoxide A is produced by reacting one 

mole of polypropylene glycol (M.W. about 

425) with 2 moles of Epon 834, a bisphenol 

m£ lch i or ^ driI i^ e P° x y having an average 75 

r^° f . about 450 311(1 an epoxide equivalent 
of 225 — 290. 

EXAMPLE II 
Example I was repeated except that the 
cathode employed was aluminum. Similar re- 80 
suits were obtained. 



EXAMPLE in 
An amine of the formula 

(CH 3 ) 2 NCH 2 CH 2 OCOCH 2 GH 2 COOH 

was produced by reacting dimethylethanol- 85 
amine with succinic anhydride. This amine 
(4.7 parts) was reacted with 87 parts of Polv- 
epoxide B at 70°C. and diluted with deion- 
ized water to a solids content of 59 percent 
A 3 mil wet film of this resin solution was 90 - 
drawn on a steel panel and baked at 350°F 
for 10 rmnutes. A hard glossy cured adherent 
coating was obtained, having excellent solvent 
resistance. 

The resin solution was further diluted to 10 95 ■ 
percent solids with deionized water and formic 
acid added to a pH of 4—5. Electrodeposition 
of this product using steel electrodes at 250 
volts for 90 seconds provided an adherent ' 
coating on the cathode. After baking at 350°R 100 
for 10 minutes, the coating had good solvent 
resistance. 

Polyepoxide B is produced by reacting one 
™5. of P°lyP r< >pylene glycol (M.W. about 
1500) with 2 moles of Epon 103 1, a bisphenol 105 
A-epichlorhydm epoxy having an average 
M.W. of about 900 and an epoxide equivalent 
of about 225. 

EXAMPLE IV 
A reaction vessel containing 53,5 parts of 110 
Polyepoxide A (80 percent solids in Iso- 

P ^ n ^ Was heated t0 * 70 ° C - There were 
aaaed. 3 parts of an amine produced by react- 
ing dimethylethanolamine with dodecylsuccinic 
anhydride, and then there were added 6 parts 115 
of a second amine produced from dimethyl- 
ethanolamine and maleic anhydride. During 
+ ^o°£ d ad , ditic>a temperature was raised 
to bo and stirring was continued for 15 
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minutes at this temperature. The product when 
diluted with water and electrodeposited, as in 
the above examples, provided an adherent 
solvent-resistant coating, 

5 EXAMPLE V 

An amine of the formula 

(CH 3 ),NCH 2 CH^COCH=CHCODH 

was made by reacting dimethylethanolamine 
with maleic anhydride. This amine (53 parts) 

10 was reacted at 70° C. with. 530 parts of an 
oxyaikyiene-modified polyepoxide produced 
from 400 parts of Epon 834 with 165 parts 
of polyethylene glycol (molecular weight 400) . 
After the reaction had progressed for 20 

15 minutes the temperature was 94°C; there 
were added 23 parts of isophorone and 425 
parts of deionized water, followed by suffi- 
cient aqueous formic acid to make the pH 3.7. 
Additional water was added to make the solids 

20 content 10 percent and the composition elec- 
trodeposited, using an aluminum cathode > at 
150 volts for 15 seconds; the maximum cur- 
rent was 2.9 amps. An adherent coating was 
obtained on the cathode which after baking 

25 at 400°F. for 30 minutes was hard, glossy and 
solvent-resistant. 

EXAMPLE VI 
An amine of the formula 

(CH 3 ) 2 NCH 2 CHCOOH 

CH $ 

30 was produced from the reaction of dimethyl- 
amine with methyl methacrylate in aqueous 
solution. Following the procedure of the above 
examples, 27.8 parts of this amine were reacted 
with 250 parts of polyepoxide (diglycidyl ether 

35 of Bisphenol A, epoxide equivalent 185 — 200; 
"Epi-Rez 510") in the presence of 77 parts 
of the dimethyl ether of diethylene glycol. 
Water and formic acid were used to reduce 
the solids content to 5 percent and the pH to 

40 5.9. Electro deposition of the product on strips 
of zinc phosphate-treated steel at 200 volts 
for 20 seconds provided adherent films which 
after baking at 385°F. for 30 minutes were 
hard, glossy, extremely solvent-resistant coat- 

45 ings. 

EXAMPLE VII . 
Into a reactor equipped with stirrer, thermo- 
meter; condenser, inlet gas sparge and heat- 
ing element was charged 500 parts of Epon 
50 ;840 and 65 parts of isophorone. 

A salt solution was prepared by admixing 
{323 parts of dimethyletihanolamine, 22.5 parts 
bf acetic acid and 15.5 parts of isopropanol. 
[The salt solution was added to the above resin 
55 ; solution beginning at a temperature of 49 6 C. 
over a period of 20 minutes, with the tempera- 



ture ranging from 49°C. to 75 C C. After the 
addition was complete the reaction mixture 
was held at 75 — 85°C. for an additional 5 
minutes. There was then added 287 parts of 
deiomzed water over a 5 -minute period to 
yield the resin solution at a temperature of 
62° C. The analysis of the resin, adjusted to 
100 percent solids, was as follows : 

Epoxy value 650 

Hydroxy! value 140 
Quaternary acetate groups per 

gram of resin 0.3644 
Milliequivalents of amine 

acetate per gram of resin 0.085 

To 215 parts of the above resin solution 
was added 1200 parts of deionized water. The 
resultant electrodeposition bath had a pH of 
8.5. Films when electro deposited at 150 volts 
were rough, hard films. 

EXAMPLE VIII 
This Example illustrates the advantages ob- 
tained by the employment of a quaternary 
ammonium salt of an acid having a dissocia- 
tion constant greater than lXlO -5 . Part A is 
not an example of the invention but a com- 
parative example. 
Part A 

Into a reactor as described in Example 
VII were charged 500 parts of Epon 840 and 
65 parts of isophorone. A salt solution was 
prepared from 32.2 parts of dimethylethanol- 
amine and 22.8 parts of boric acid and 15.5 
parts of isopropanol and 20 parts of deion- 
ized water. The salt solution was added to the 
above resin solution beginning at a tempera- 
ture of 55°C. over a 20-minute period with 
the temperature ranging from 55 — 76°C. The 
reaction mixture was held for five minutes at 
a temperature of 76 — 85°C. after the addition 
was complete. There was then added 287 parts 
of deionized water over a 4-minute period to 
yield a resin solution at 62°C. The analysis of 
the resin solution, adjusted to 100 percent 
solids, was as follows : 



Epoxy value 
Hydroxyl value 



573 
93 



60 



65 



70 



75 



80 



85 



90 



95 



100 



To 215 parts of the above resin solution 
were added 1200 parts of deionized water to 
yield an electrodeposition bath with a pH of 
9.7. The electrodeposition bath had a rupture 
voltage of 200 volts. Electro deposited films 
were rough and bubbly. The electrodeposition 
bath had the following analysis : 



Milliequivalents of quaternary 
base groups per milliliter 

Milliequivalents of boric acid 
per milliliter 



105 



110 



0.0602 
0.0657 

The electrodeposited film was analyzed to 



10 
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10 



15 



contain 0.09^7 milHequivalents of quaternary 
borate groups per gram. The wet film con- 
tamed 63 percent solids. 

Part B 

To 215 parts of the initial resin solution 

W Ti^ ded 3 parTS of 85 lucent lactic acid 
and 1200 parts of deionized water to yield an 
gectrodeposition bath having a pH of 85 
Films electrodeposited under the same condi- 
tions as previously showed improved film 
appearance and resulted in a uniform film on 
baking. The eiectrodeposition bath was 
analyzed to contain: 

Milliiequivalents of quaternary 

base per milliliter 
MilHequivalents of lactic 

acid per milliliter 
Milliequivalents of boric 

acid per milliliter 



10 



0.0617 
0.0337 
0.0693 



20 The wet electrodeposited film was analyzed 
to contain 0.1474 milliequivalents of quatern- 
ary borate groups per gram. The wet film had 
a solids content of 66.9 percent. 



25 



30 



35 



40 



45 



50 



EXAMPLE IX 
Into a reactor as described in Example VII 
was charged 500 parts of Epon 834. The resin 
was heated to 80*C. A salt solution compris- 
ing 112.3 parts of 40% dimethylamine in 
water, and 106 parts of 85% lactic acid in 
water, having a pH of 4.3, was added at a 
3?*^ e ° f 8 ?- 85 °C over a 20 minute 
O7oo f eac ? 013 fixture was then heated 
to 97°C. and refiuxed for 20 minutes. There 
was then added L 169 parts of deionized water, 
followed by 100. parts in ethyl Cellosolve and 
10 parts of 90% formic acid. The resin dis- 
persion was somewhat cloudy. There was then 
added to the resin dispersion sufficient water 
to torm a 10 percent solids bath. Sufficient 
tormic acid was added to adjust the pH to 2 5 
An aluminum strip was electrocoated at* a 
bath temperature of 80°F. at 100 volts for 60 
seconds. The film was deposited on the 
cathode, which was baked at 350°F for 20 
minutes. A glossy, hard yellow film was ob- 
tamed. 

The resin at 100 percent solids had the 
joilowmg properties ; 

Epoxy value 
Hydroxyl value 



1160 
141 

The eiectrodeposition bath analyzed to con- 
tain i 



55 



Milliequivalents of amine 

per gram of resin o 2145 
Milliequivalents of quaternary 

u !?¥ e groups per gram of resin 0.2830 
Milliequivalents of acid 

per gram of resin 0.4980 



EXAMPLE X 

Into a reactor as described in Example VII 60 
was charged 500 parts of Epon 834. This 
resin was heated to 80°C. and there was added j 
a salt solution formed by admixing 101 parts ! 
of chpropylaniine and 106 parts 85 percent |l 
lactic acid, together with 33 parts of iso- 65 
propanol. The salt solution was added at I I 
80— 85°C. with heat over a 20 minute period. 1 I 
Alter the addition was complete, the reaction 
mixture was heated to 95°C. and refiuxed for 
20 mmutes. 167 parts of deionized water were 70 
then added. A cloudy resin dispersion was 
obtained, to which was added 100 parts ethyl 
Cellosolve, 10 parts of 90 percent formic acid. 
A clear yellow resin solution was obtained. 

Analysis of the product adjusted to 100 75 
percent solids is as follows: 

Epoxy value 
Hydroxyl value 

The resin was analyzed to contain : 

Milliequivalents of amine 

per gram of resin 
Milliequivalents of quaternary 

base groups per gram of resin 
MdUequivalents of acid per 
gram of resin 



1120 
143 



0.0675 
0.4310 
0.4985 

Useful electrodeposited films were obtained. 

EXAMPLE XI 
Into a reactor equipped with stirrer, 
thermometer condenser, inert gas inlet and 
£ eatm f-> element was charged 1,005 parts of 
Epon 829 and 339 parts of bisphenol-A. The 
mixture was heated to 180°C. and held for 
L^, mut ^ at 18 °— 1S8°C. There was then 
added at 120°C. 114 parts of isopropanol and 

^!r^^ COoIed to 79 ° C T ^e was then 
added 141.0 parts of a 75 percent solids solu- 
tion in isopropanol of dimethyletnaholamine 
lactate over a 20 minute period between 79 6 C 

l n *c 9 Z°,9 ^SS? 11 ^ ^ reactio * mixture 
was held at 93°C.~-97°C. for two addi- 
tional mmutes, and there was then added 425 
parts of deionized water over a four minute 
period at which time the temperature was 

There was then added a solution of 7 parts 
of Foam Kill 639 in 90 parts of 2-emyl- 
K?*. no1 ; ^ear y elIc w resin solution was 
obtained. This is hereinafter referred to as 
the base resin. 



80 



85 



90 



95 



100 



105 



Analysis 
Epoxy value 
Hydroxyl value 



(100% solids) 

1085 

233 



27 i ° f base resin was adc *ed 

1050 parts of deionized water to yield a 10 

eiectrodeposition bath with a 
pw ot 6.7. Zinc phosphate steel panels were 
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electrocoated at 250 volts for 90 seconds at 
80° F. Uniform film, build was noted. The film 
was baked at 350° F. for 30 minutes to yield a 
glossy film, 0.45 mils., pencil hardness 6H. 

5 Film electrocoated at 300 volts for 90 seconds 
at 80°F. and baked as above yielded 0.5 mils 
pencil hardness 6H. 

To the same bath was added 6.6 parts of 
boric acid. The bath had a pH of 6.4. Film 

10 electrocoated and baked as above yielded: 

250 volts — 0.5 mils, 7H+pencil 
300 volts— 0.6 mils, 7H+ pencil 

EXAMPLE XII 
Into a reactor equipped with stirrer, reflux 

15 condenser, thermometer and heating means 
was charged 2070 parts of Epon 834, 875 
parts of polypropylene glycol with an average 
moleclar weight of 400 — 425 (PPG 425) 
and 7 parts of dimethylethanolaniine. The re- 

20 action mixture was heated to 130 — 138°C for 
5k hours, at which time the reaction product 
had _ a Gardner-Holdt viscosity of H- 
(measured as a 50 percent solids in a 90/10 
isophorcne /toluene mixture) . There was then 

25 added 4.2 parts of 90 percent formic acid to 
neutralize the dimethylethanolamine catalyst. 
At this . point the product had an epoxide 
equivalent of 800 and hydroxy! value of 269. 
This resin is hereinafter referred to as the 

30 base resin of Example XII. 

To 500 parts of the above resin was added 
a salt solution prepared by admixing 33.2 
parts of dibuiylamine, 28 parts of an 85-per- 
cent lactic acid solution., and 14 parts of iso- 

35 propanol. This salt solution was added over a 
I 20 minute period at a temperature between 
1 70 — 87°C. The reaction mixture was then 
held for an additional 5 minutes at a tempera- 
ture between 87 — 90°C. There was then added 

40 315 parts of deionized water. A pearlescent 
resin was obtained. 

This product contained 0.249 milKequiva- 
lents of quaternary base groups per gram, 
0.055 milhequivalents of amine per gram and 

45 0.328 milliequivalents of lactic acid per gram. 
The .analyzed resin properties, adjusted to 
100 percent solids, showed an epoxide equiva- 
lent of 1300 and a hydroxy! value of 108. 

EXAMPLE XIII 

50 To 500 parts of the base resin of Example 
XII, ^ was added a mixture of 25 parts of 
1 -amino-2-propanoi, 35.3 parts of 85 percent 
lactic acid solution and 14.0 parts of iso- 
propanol. This mixture was added to the 

55 resin at a temperature of 70 — 89°C. over a 
20 minute period. The reaction mixture was 
held for an additional 5 minutes, the tempera- 
ture increasing to 97°C. There was then 
added 315 parts of deionized water to pro- 

60 duce a pearlescent dispersion. The resultant 
product ^ had the following analysis : 0.159 
milliequivalents of quaternary base groups per 



gram; 0.133 milliequivaents of amine per gram 
and 0.327 milliequivalents of lactic acid per 
gram. The 100 percent solids resin was 65 
analyzed and calculated to have an epoxide 
value of 1590 and a hydroxyl value of 131. . 

EXAMPLE XIV 
In the manner of Example XII, there was 
reacted 1770 parts of Epon 829, and 302 parts 70 
of Bisphenol A, which were heated to 170°G, 
at which time an exotheim was noted to 
190°C. The temperature was controlled be- 
tween 180 — 185°C. for 45 minutes. The reac- 
tion mixture was then cooled to 100° C and 75 
790 parts of polypropylene glycol with an 
average molecular weight of 600, together with 
5 parts of dimethyl ethanolamine were added. 
The reaction mixture was then heated from 
130 to 139°C. to a Gardner-Holdt viscosity of 80 
M (measured at 50 percent solids in a 90/10 
isophorone /toluene mixture). This required a 
reaction time of approximately 7 hours. The 
reaction mixture was then cooled to 117°C. 
and 3.5 parts of a 90 percent formic acid 85 
solution was added. The product had an 
epoxide equivalent of 1000 and a hydroxyl 
value of 302. 

The reaction mixture was then cooled to 
73 °C. and there was added 327 parts of dl~._... 90 
jmethykthanolamme hy dro chloride salt at J56 
.jp£jx:^iI^S5SKIm^^^& The salt waFaddeS : "' 
over a 20 minute period at a temperature be- 
tween 73 — 92°C. The reaction mixture was 
held for an additional two minutes at 92 — 95 
97° C. There was then added 200 parts of 2- 
ethylbexanol and 15.5 parts of Foam Kill 639. 
After mixing, there was added an additional 
840 parts of deionized water, electrodeposit- 
able composition had a pH of 8.2 and a 100 
measured and calculated value based on 100 
percent solids : epoxide equivalent of 3950 and 
a hydroxyl value of 69.4. 

The following analyses were obtained: 
0.486 milliequivalents of quaternary base 105 
groups per gram; 0.411 milliequivalents of 
chloride per gram; and 0.075 milliequivalents 
of formic acid per gram. 

EXAMPLE XV 
In the manner of Example XII there was 110 
reacted 1890 parts of Epon 829 and 180 parts 
of Bisphenol A. The mixture was heated to 
170°C., at which time an exotherm was noted. 
The temperature was controlled between 
180— 185°C. for 45 minutes. The reaction 115 
mixture was then cooled to 100°C. and there 
was then added 875 parts of polypropylene 
glycol 425 (average molecular weight 400 — 
425), along with 8 parts of dimethylethanol- . 
amine. The reaction mixture was held at 130 — • 120 
137°C. for 4.5 hours to obtain a Gardner- 
Holdt viscosity of L, measured at a 50 per- 
cent solids solution in a 90/10 isophorone/ 
toluene mixture). There was then added 9.6 
grams of 90 percent formic acid. 125 
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To 500 parts of the above resin there was 
then added a salt formed by mixing 25.8 
parts of triethylamine and 24-2 parts of 36 
percent hydrochloric acid. This salt was added 
over a 15 minute period at temperatures from 
70 — 89°C. The reaction mixture was held at 
89°C. for an additional three minutes and 
there was added 295 parts of deionized water. 
The analyzed calculated values,, based on 100 
percent solids were: an epoxide equivalent 
of 3660 and a hydroxyl value of 72.5. This 
resin is hereinafter referred to as the base 
resin of Example XV. 

The above mixture was reduced to 10 per- 
cent solids with deionized water to a pH of 
8.1. Aluminum metal strip was coated for 
30 seconds at 100 volts at a bath tempera- 
ture of 75°C.y the resultant electrodeposited 
film was baked at 350°F. for 20 minutes to 
produce an acetone-resistant film. 

To 440 parts of the above base resin was 
added 95 parts of butylbenzylphthalate, 19.0 
parts of 2-ethylhexanoI, and 1.9 parts of Foam 
Kill 639. There was then added 3250 parts of 
deionized water. The resultant electrodeposit- 
able compositions had a pH of 8.9. Zinc- 
phosphated steel panels were coated at 250 
volts for 90 seconds at a bath temperature of 
80°R The resultant electrodeposited film was 
baked at 350°F. for 20 minutes, yielding a 
film build of 0.8 mils, a 3H pencil hardness. 

The above 8.5 percent solids electrodeposit- 
able composition analyzed as follows: 0.0312 
milliequivalents of quaternary base groups per 
milliliter, 0.0251 milliequivalents of 
chloride per milliliter. The wet electrodeposit- 
able film was analyzed to contain 85.8 percent 
solids and 0.247 milliequivalents of amine per 
gram,, and contained no chloride. 

EXAMPLE XVI 
Into a reactor equipped with stirrer., reflux 
condenser, thermometer, and heating means 
was cnarsed 1890 parts of Epon 829 and 180 
parte of Bisphenol A. The mixture was heated 
to 170°C^ at which time an exotherm was 
noted to 180°C. The reaction mixture was 
held between 180— 190°C. for 45 minutes. 
Ine reaction mixture was then cooled to 
130°C. There was added a mixture of 875 
parts of polypropylene glycol 425 and 8 parts 
of diraethylethanoiamine. The reaction mix- 
ture was heated between 130 — 137°C for 
approximately 5J hours to a Gardner-Holdt 
viscosity of measured in a 50% solids 
solution 90/10 isophorone/toluene. There 
was then added 9.6 parts of 90 percent formic 
acid. 

The reaction mixture was cooled to 70°C 
To 500 parts of the above at 70°C. was added 
the following salt solution comprised of 18 
parts of boric add, 25.3 parts of dimethyl- 
ethanolamine and 11 parts of isopropanol. The 
salt solution was added over an' 18 minute 
period at a temperature of between 70— 
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90°C. There was then added 276 parts of 65 
water and the mixture held at 75°C for 5 
minutes. There was then added a solution of 
34.5 parts of 2-ethylhexanol and 2.7 parts of 
Foam Kill 639. The resin analysis converted 

r ix2 Percent showed an epoxide equivalent 70 
of 920 and a hydroxyl value of 71. 

To 220 parts of the above resin solution was 
added 47.5 pans of butylbenzylphthalate and 
the mixture reduced to 5.75 percent solids 
with deionized water. The electrodepositable 75 
composition had a pH of 7.6. 

The above composition was electrocoated at 
250 volts for 90 seconds at a bath tempera- 
ture of 80°C. on zinc-phosphated steel panel. 

lhe electrodepositable bath was analyzed as 80 
follows: 0.0235 milliequivalents of quaternary 
base per miliflilter; 0.0074 milUiequivalents of 
weak acid per milliliter and 0.0255 miUi- 
equivalents of boron per milliliter. The wet 
electrodeposited film was analyzed to contain 85 
75.1 percent solids and to contain 0.062 milli- 
equivalents of quaternary borate per gram of 
wet film and 0.188 milliequivalents of amine 
per gram of wet film. 

EXAMPLE XVII 90 

♦ r^?l a i mer of Exam Pte XVI there was 
reacted 1135 parts of Epon 829, and 10 
parts of Bisphenol A. After a reaction time of 
$0 minutes, there was added 525 parts of 
polypropylene glycol 425 and 4.2 parts of 95 
dimethylethanolamine. The reaction mixture 
was held at 130 T .137°C. for 5* hours to a 
Cxardner-Holdt viscosity of H-f , measured 
as a 50% solution in a 90/10 isophorone/ 
toluene mixture. The reaction mixture was 100 
coled to 123°G and 5.1 parts of 90 r^rc^t 
formic acid was added. The reaction mix- 
ture was further cooled to 71°G and there 
was added a mixture of 51.6 parts of dimethyl- 
etWlamine, 61.3 parts of an 85 percent 105 
lactic acid solution and 60.3 parts of neo- 
pentyl glycol. The salt solution was added 
7T er 4o£ pcriod at a temperature of 

ij- . e reaction mixture was held for 
an additional 5 minutes at 79—.91°C There 110 
was then added 1000 parts of deionized water. 
The analysis adjusted to 100 percent solids 
showed an epoxide equivalent of 1270, a 
hydroxyl value of 116 and an acid value of 
O. 1 his resin is hereinafter referred to as the 115 
base resin of Example XVII. 

433 P^s of the base resin of Example 
XVII was added 95 parts of butylbenzvl- 
phthalate, 19 parts of 2-ethyl hexanol and 
3250 parts of water. The resulting electro- 120 
depositable composition had a pH of 5 6 The 
composition was electrodeposited on zinc 
phosphated steel panels at 250 volts for 90 
seconds at a bath temperature of 80°F The 
electrodeposited film was baked at 350°F for 125 
20 mmutes. The resultant electrodeposited 

h^dZTs ofH^ ^ gI ° SSy ^ a ^ 
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To 435 parts of the base resin of Example 
XVII was added 95 parts of butylbenzyl- 
phthalate^ 8.9 parts of trimethoxyboroxine, 20 
parts of 2-ethylhexanol and 2 parts of Foam 

5 Kill 639. There was then added 3250 parts 
of deionized water, yielding a white pearlescent 
dispersion having a pH of 5.6. 

Zinc phosphated steel panels were electro- 
deposited in the above bath at 250 volts for ■ 

10 90 seconds at a bath temperature of 80°F. 
The resultant electrodepo sited films were 
baked at 350°F. for 20 minutes to yield a 
film build of 0.9 to 1 rnil at a 411 -f- pencil 
hardness and a throw power of 2-11/16 

15 inches. 

The above electrodeposition bath at 9.2 
percent solids was analyzed to contain 0.0238 
milHequivalents of quaternary base for milli- 
liter; 0.0243 milHequivalents of lactic acid per 
20 milliliter and 0.050 milHequivalents of boron 
per milliliter. 

EXAMPLE XVIII 
In the manner of Example XVI there was 
reacted 1890 parts of Epon 828, 180 parts of 
25 Bisphenol A, at a temperature of 175 °C. to 
180°C. for 45 minutes. The reaction mixture 
was then cooled to 130°C. and there was then 
added 875 parts of polypropylene glycol 425 
and 7 parts of dimethylethanolamine. The re- 
30 action mixture was heated to 130 — 138°C. for 
five hours to a Gardner-Holdt viscosity of 
H-f- measured in 50 percent solids solution 
of 90/10 isophorone/toluene . The reaction 
mixture was cooled to 121°C. and there was 
35 added 4.8 grams of 90 percent formic acid. 
The "reaction mixture was cooled to 73 °C. At - 
this point the product had an epoxide equiva- 
lent of 763 and a hydroxy 1 value of 348. To 
the above mixture was added a salt solution 
40 formed by combining 106 parts of dimethyl 
ethanolamine, 129 parts of 85 percent solids 
lactic acid solution and 53.9 parts of iso- 
propanol. The salt solution was added over 
a period of 18 minutes at a temperature of 
45 73 — 80°C. The reaction mixture was held 
for an additional 7 minutes at 80° C. to 
100°C. at which time there was added 500 
milliliters of deionized water and a solution 
of 208 parts of 2-ethylhexanol containing 15.5 
50 parts of Foam Kill 639. There was then added 
an additional 960 parts of water. The re- 
sultant composition analyzed, adjusted to 100 
percent solids, an epoxide equivalent of 1460 
and a hydroxyl value of 132.5. This resin 
55 solution is hereinafter identified as the base 
resin of Example XVIII. 

To 220 parts of the base resin of Example 
XVIII was added 47.5 parts of butyibenzyl- 
phthalate and 1630 parts of water. The re- 
60 suit ant electrodepo sitable composition had a 
pH of 8.5. The composition was electro- 
deposited un zinc phosphate steel panels at 
250 volts for 90 seconds at a bath temperature 
of 80°F. The resultant electrodeposited film 



was baked at 350°F. for 20 minutes to yield 65 
a film build of 0.65 mils at a 2H pencil 
hardness. The films were smooth and glossy 
and the composition had a 2 inch throw power. 

To 220 parts of the base resin of Example 
XVIII was added 45 parts of butylbenzyl- 70 
phthalate, 2 parts of boric acid and 1675 parts 
of deionized water. The resultant electro- 
depositable composition had a pH of 5.7. The 
composition was electrodeposited and baked in 
the same manner as above to yield a film 75 
build of 0.9 mils at a 4H~f pencil hardness 
The composition had a 2-3/4 inch throw 
power. 

To 220 parts of the base resin of Example 
XVII X was added 45 parts of butylbenzyl- 80 
phthalate, 6.0 parts of boric acid and 1675 
parts of water. The resultant electrodeposit- 
able composition had a pH of 5.7. The com- 
position was elecrodeposited and baked in the 
same manner as above to yield a film build 85 
of 0.8 mils j a 5H pencil hardness and a throw 
power of 2-7/8 inches. 

EXAMPLE XIX 

In the manner of Example XII there was 
reacted 400 parts of Epon 834 and 175 parts 90 
of propylene glycol 425, together with 1.4 
parts of dimethylemanolamine. This mixture 
was reacted for 5 hours at a temperature of 
between 130— 139°C. to an H+ Gardner- 
Holdt viscosity measured in 50 percent solids 95 
solution of a 90/10 isophorone/toluene mix- 
ture. The reaction mixture was cooled to 
122°C. and there was then added one part 
of 90 percent formic acid. The resultant pro- 
duct had an epoxide equivalent of 985 and a 100 
hydroxyl value of 321. The reaction mixture 
was cooled to 69°C. and there was added a 
salt solution formed by admixing 106 parts I 
of 85 percent lactic acid, 59 parts trimethyl- \ 
amine and 41 parts of isopropanoL 55 parts 105 \ 
of this salt solution was added over a 19 \ 
minute period at a temperature of 69 — 80°C. 
The mixture was held for an additional five 
minutes at 86 — 91°C. There was then added 
430 parts of deionized water. The product 110 
analyzed, adjusted to 100 percent solids, to 
have an epoxide equivalent of 1930 and a 
hydroxyl value of 81.5. This resin is herein- 
after identified as the base resin of Example 
XIX. 115 

To 200 parts of the base resin of Example 
XIX was added 45 parts of butylbenzyl- 
phthalate, 9.5 parts of 2-ethylhexanol, and 5.9 
parts of Foam Kill 639, followed by 1630 
parts of deionized water. The resultant electro- 120 
depositable composition had a pH of 4.65. 

Zinc phosphated steel panels were electro- 
deposited at 250 volts for 90 seconds at a 
bath temperature of 80°F. The electro- 
deposited films were baked at 350°F. for 20 125 
minutes to yield smooth, hard, glossy films. 

The electrodepositabie bath at 9.9 percent 
solids analyzed to contain 0.0266 miliiequiva- 
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nnmn f q ^ tem * ai ? baSe & 0U P S milliliter, 
^ n a? 1 quivalents of P er milliliter 

and 0.0325 milhequivalents of lactic acid per 
milliliter. The wet electrodeposited film con- 
5 tamed 70.6 percent solids and analyzed to 
contain 0.190 milliequivalents of amine per 
gram of wet film. 

EXAMPLE XX 

m 1x1 ™ manner of Example XVI there was 

10 reacted 1890 parts of Epon 829, 180 parts 

of Bisphenol A at a temperature of 175 

180°C. for 30 minutes. There was then added 
875 parts of polypropylene glycol 445 and 
the temperature reduced to 130°C. There was 

is added 8 parts of dimethylethanolamine and 

tne reaction mixture heated at 130 140° C 

for a period of 5-1/2 hours to a Gardner- 
Holdt viscosity of H+ measured at 50 per- 
cent solids solution in a 90/10 isophorone/ 

M toluene mixture. The reaction mixture was 
coled to 116°C and there was added 9.6 parts 
of 90 percent formic acid. 

irJ% 500 parts of ^ e abave resin at 60 — 
70 C. was added 15 parts dimethylethanol- 
amine over a 9 minute period. After an addi- 
. tional minute at 73°C. there was added 17 8 
parts of lactic acid over a 10 minute period 
at a temperature of 73— 78°C The reacdon 
mixture was held at 75°Q for 3 minutes. 

3U There was then added 17.4 parts of neopentyl 
glycol and the reaction mixture held for 2 
minutes at 71°C. There was then added 9 8 
parts of boric acid. The reaction mixture held 

„ f J A a .snoit time at 75— 77°C. There was then 

31 added 30 parts of deionized water The 
resultant resin analyzed, adjusted to 100 per- 
cent solids, to have an epoxide equivalent of 
1285 and an acid value of 16.4 and a hydroxyl 
value of 107.8. The resin is hereinafter re- 

40 ferred to as the base resin of Example XX 

To 440 parts of the base resin of Example 
XX was added 95 parts of butylbenzyl- 
phthalate^ 19 parts of 2-ethylhexanol and 1.9 

A ~ af Foam 639. There was then added 

4!> 3250 parts of deionized water. 

m The resultant electrodepositable composi- 
tion was electrodeposited on zinc phosphated 
steel panels at 250 volts for 90 seconds at a 
bath temperature of 80°R The electro- 

50 deposited film was baked at 350°F for 20 
minutes to yield a film build of 0.7—0.8 mils 

hir^o* fiira having a *™ dl 
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k* t EXAMPLE XXI 

:o To 500 parts "of the resin adduct of para- 
graph 1 of Example XX were added 18 * 
parts of lactic acid (85 percent solution) and 
19.4 parts of triethylamine. The addition was 
made over a 19 minute period at a tempera- 

° f 7a H?? C ; Th£ reacti0 * fixture was 

Jield an additional 5 minutes at 85 90°C 

The resultant resin was analyzed to have an 



epoxide equivalent of 2790 and a hydroxvi 
value of 105. * 

To 440 parts of the above resin was added 65 
95.0 parts of butylbenzylphthalate, 19 parts of 
« e i h ?S lexano1 331(1 13 P^ ns of Foam Kill 
639. There was then added 3250 parts of de- 
ionized water. 

w The resultant electrodepositable composi- 70 
tion was electrodeposited on zinc phosphated 

?nlt P 5?? S 3t 250 V0l£S for 90 SQC ™ d s ^ 
80°K bath temperature. The electrodeposited 
film was baked at 350°R for 20 minutes to 
yield a film build of 0.5—0.6 mils of smooth 75 
glossy film having a 3H pencil hardness. 

in Specification No. 1,306,101 there is 
claimed a resinous composition comprising an 
ungelled reaction product of: 

(a) an epoxy compound containing oxy- 80 
alkylene groups of the formula 



R J 



n 



where R is hydrogen or alky! and n and m 
are numbers^ and 

(b) a boron ester substituted with at least 85 
one ammo group. 

In Specification No. 1,306,102 there is 
claimed a method of coating an electricallv 
conductive substrate which comprises passing 
electric currrent between an anode and t 00 
cathode m contact with a water dispersed 
composition in which the major component is 
an ungelled reaction product of (a) an epoxv 
compound and (b) a boron ester substituted 
with at least one amino group, whereby an 95 
adherent coating of said composition is de- 
posited on the cathode. 

We make no claim wherein to any resin or 
aqueous dispersion of a resin which is or is 
derived from the reaction product of an epoxy 100 
compound with a boron ester containing one 
or more ammo groups, or to any method for 
preparing such resin or aqueous dispersion by 
means of the reaction of an epoxy compound 
with such boron ester. Likewise we make no 105 
claim to any method of electrodepositW a 
coating from such aqueous dispersion or to 
any coating or coated object produced bv 
means of such electrodeposition method. 

WHAT WE CLAIM IS:— 110 
1. A tmgelled water-dispersible epoxy resin 
having m the resin molecule: 

(A) more than one 1,2-epoxy group; and 

(B) at least 0.05 percent by weight of 
chemically-bound nitrogen, at least one 115 
percent of which is in the form of a 
quaternary ammonium base salt; and 
when said ammonium base salt is of an 
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acid having a dissociation constant of 
1 X 10~ 5 or less 
(C) at least 1 percent by weight of oxy- 
alkylene groups. 
5 2. A resin as claimed in claim 1 which con- 
tains 0.05 to 16 percent by weight of chemic- 
ally-bound nitrogen. 

3. A resin as claimed in claim 1 or 2 
wherein at least 20 percent of the nitrogen is 

10 in the form of a quaternary ammonium base 
salt. 

4. A resin as claimed in claim 3 wherein 
at least 50 percent of the nitrogen is in the 
form of a quaternary ammonium base salt, 

15 5. A resin as claimed in claim 4 wherein 
substantially all of the nitrogen is in the form 
of a quaternary ammonium base salt. 

6. A resin according to any preceding 
claim in which the resin contains less than 1 

20 percent by weight of oxyalkylene groups and 
the quaternary ammonium base salt is a salt 
of an acid having a dissociation constant 
greater than 1 X 10~ 5 . 

7. A resin according to claim 6 in which 
25 the acid is lactic acid. 

8. A resin according to any of claims 1 to 
5 in which the resin contains at least 1 per- 
cent by weight of oxyalkylene groups. 

9. A resin as claimed in claim 8 wherein 
30 the quaternary ammonium base salt is a salt 

of boric acid or an acid having a dissociation 
constant greater than that of boric acid. 

10. A resin as claimed in claim 9 wherein 
the acid has a dissociation constant greater 

35 than 1 X 10~ 5 . 

11. A resin as claimed in claim 10 wherein 
the acid is lactic acid. 

12. A resin as claimed in any preceding 
claim which also contains chemically-bound 

40 boron. 

13. A mixture comprising a resin as claimed 
in any preceding claim and boric acid or a 
compound hydro ly sable to form boric acid. 

14. An aqueous dispersion comprising an 
45 ungelled water-dispersed epoxy resin having 

in the- resin molecule : 

A) more than one 1^2 -epoxy group; 

B) at least 0.05 percent by weight of 
chemically-bound nitrogen, at least 1% 

50 of which is in the form of a quaternary 

ammonium base salt; and when said 
ammonium base salt is of an acid having 
a dissociation constant of IX 10~ 5 or less 
(C) at least 1% by weight of oxyalkylene 

55 groups. 

15. An aqueous dispersion as claimed in 
claim 14 wherein the resin contains 0.05 to 
16 percent by weight of chemically-bound 
nitrogen. 

60 16. An aqueous dispersion as claimed in 
claim 14 or 15 wherein at least 20 percent of 
the nitrogen is in the form of a quaternary 
ammonium base salt. 

17. An aqueous dispersion as claimed in 

65 claim 16 wherein at least 50 percent of the 



nitrogen is in the form of a quaternary ammo- 
nium base salt. 

18. An aqueous dispersion as claimed in 
claim 17 wherein substantially all of the 
nitrogen is in the form of a quaternary ammo- 70 
nium base salt. 

19. An aqueous dispersion as claimed in 
any of claims 14 to 18 wherein the salt is a 
salt of boric acid or an acid having a dissocia- 
tion constant greater than that of boric acid. 75 

20. An aqueous dispersion as claimed in 
claim 19 wherein the acid has a dissociation 
constant greater than 1 X I0~ s . 

21. An aqueous dispersion as claimed in 
claim 20 wherein the acid is lactic acid. 80 

22. An aqueous dispersion as claimed in 
any of claims 14 — 21 which also contains 
boron. 

23. An aqueous dispersion as claimed in 
claim 22 which contains from 0.01—8 per- 85 
cent by weight of boron present as boric acid 
and/or a borate or a boron complex. 

24. An aqueous dispersion as claimed in 
any of claims 14 to 23 which contains 1 — 25 
percent by weight of the resin. 90 

25. An aqueous disperson as claimed in any 
of claims 14 to 24 which also contains a coup- 
ling solvent. 

26. An aqueous dispersion as claimed in 
claim 25 wherein the coupling solvent com- 95 
prises 2-ethyl hexanol. 

27. A method of preparing an ungelled 
water dispersible epoxy resin according to 
claim 1 which comprises reacting a poly- 

ep oxide with an amine salt. 100 

28. A method as claimed in claim 27 where- 
in the polyepoxide contains at least 5 percent 
by weight of oxyalkylene groups. 

29. A method as claimed in claim 27 or 

28 wherein the acid has a dissociation con- 105 
stant greater than 1 X 10~ 5 . 

30. A method as claimed in claim 29 where- 
in the acid is lactic acid. 

31. A method as claimed in any of claims 

27 to 30 wherein the amine salt is a salt of no 
an amine containing one or more secondary 
or tertiary amino groups and at least one 
hydroxyl group. 

32. A method as claimed in claim 31 where- 
in the amine corresponds to the formula : 115 

R. 

\ 

NR 3 — OH 

/ 
R* 

where 

Ri is hydrogen or an alfcyl, aryi, alkaryl or 

aralkyl group, 
R- is an afkyl, aryl, alkaryl or aralkyl group, 120 

and 

R s is. a divalent organic group. 

33. A method as claimed in claim 32 where- 
in the amine is dimethylethanolamine or di- 
ethyiemanolamine. 125 
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97 3 f* ^n me ? od . as claime <i in any of claims 
27 to 30 wherein the amine salt is or Tl 
salt of an amine containing one or more 
secondary or tertiary amino groups and at least 
one terminal carboxyl group. 

35. A method as claimed in claim 34 where- 
in the amine corresponds to the formula 



Ri 



\ 



NR 3 — COOH 



where 

?i 5 ^ 2 md J** are as defined in claim 32. 
77 t ~ m ?H- a i claimed in any of claims 
27 to 35 wherein the amine salt is a salt of a 
tertiary amine. 

37. An ungelled water-dispersible epoxy 
resm according to claim 1 when prepared by 
a method according to any of claims 27 to 36. 

A method of preparing an aqueous dis- 
Persian according to claim 14 which com- 
prises reacting a polyepoxide with an amine 

• 3 l' A ? ethod as claimed in claim 38 where- 
in the polyepoxide contains at least 5 percent 
by weight of oxyalkylene groups. 

™U A ' me ? 0d ^ s cIai mcd in claim 38 or 
39 wherem the amine salt is a salt of an acid 
IXK)^ dlSS0Ciatl0n constant greater than 

™ tl' A J 2 a ? M * i a ? ciaime d in claim 40 where- 
in the acid is lactic acid. 

*s 4 +* mG ^ od . as claimed in any of claims 
38 to 41 wherein the amine salt is as speci- 
fied m claim 31. ^ 

43 A method as claimed in claim 42 where- 
in the amine salt is a salt of an amine as speci- 
fied m claim 32. y 
m 44. A method as claimed in claim 43 where- 
in the amine salt is a salt of dimethylethanol- 
amine or ahemylethanolamine. 

q/to a% m f h °. d *? ckimed * of claims 

a s£ s erein 31x11x16 sait is as specif ed 



46. A method as claimed in claim 45 where- 
in the amine is as specified in claim 35. 
tn ^ me ?° d . a \ claime d in any of claims 

J - erem amine sak i5 a of 

a tertiary amine. 

Hat™ a 5 ueous dispersion according to 

claim 14 when prepared by a method in 
accordance with any of claims 38 To 47 

A m . e *od of coating a conductive sub- 
SL^f f- 3 Cath0de which comprises 
££f^ ^ ^ curtent bet ween an anode 
and said cathode in electrical contact with an 

aqueous dispersion accordance wWi^ny of 
claims 14 to 26 or 48. y 

in 5 ThV A ^ ethCd accordi ?g to claim 49 where- 
in the aqueous dispersion has a pH in the 
range of 3.0 to 8.5. P 6 

strfte ^pf^l* C j^ PrisinS a cond uctive sub- 
data « or to. by 8 meth ° d 3CC0rdfn g *> 

m 5 ii? ™ cured ! electrodeposited coating on 
an electrically conductive substrate which com- 
prises an ungelled epoxy resin having fa %L 
molecule more than one l 5 2-epoxy ctoud at 
£^d°;> weight ^chSty- 

Soum 3^ f , °- uaternar y ammonium base 
groups, and at least 1 percent by weight of 
oxyalkylene groups. y ^ 

52wi,,v+ ™?^ ed 5 oatin S as claimed in claim 
3-4 which contains boron. 

« 5 \^? mcured coating as claimed in claim 
53 which contains 0.01-8 percent by wS 
l£f" m form of quaternary 7 and/or 
« 6 ^° rates or 150X011 complexes. 7 

sjsaa^sf - wi,h 

i ^ U a ? ueous dispersion as claimed in 

^ i^^P**^' aS ^bcC ^ des D 
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